I. INTRODUCTION
First quantized electrodynamics can be formulated [1] in terms of an unbounded real variable τ , the so-called Stueckelberg-Feynman parameter [2] . The motivation for the first quantized formulation is that it supports relativistic entanglement without restriction upon the spacetime separation [1, 3] . Quantum Field Theory, on the other hand, restricts entanglement to separations of the order of the Compton wavelength [4] [5] [6] [7] [8] , owing to the field operators being subject to causal commutation and anticommutation relations. Entanglement necessarily involves noninteracting particles, but parametrized first quantization is only an acceptable representation of entanglement if the formalism can also be extended from quantum electrodynamics to the Standard Model of the electroweak interaction. The first objective of this investigation is accordingly the extension of parametrized first quantization to the Standard Model. The second objective is the derivation of relativistic entanglement in the form of a covariant Bell's inequality for two Dirac fermions in the spin 1/2 singlet state. While parametrization is not involved in the derivation of the inequality, it is essential to the first quantized formulation of the singlet.
The Lagrange densities for fermions and for the Higgs field are stated in Section II. The Higgs field is explicitly parametrized, while the fermions become parametrized by symmetry breaking. The Higgs mass, the masses of the weak gauge bosons and the masses of the fermions are all recovered. The possibility of entanglement over finite spacetime separations is demonstrated in Section III. A covariant extension of Bell's inequality is derived here for two Dirac spinors. The findings are summarized in Section IV. Included in A are outlines of the first quantized formulations of pair annihilation and creation, higher order corrections to interactions [1] , and the relativistic first quantized establishment [3] of the spin statistics connection.
II. THE ELECTROWEAK LAGRANGIAN

A. the Weinberg-Salam Lagrange density
The representation here of the Standard Model is in the form of relativistic quantum mechanics. The wavefunctions for the fermions and for the Higgs field all depend upon one and the same real parameter τ having the range −∞ < τ < ∞ . For example, a Dirac 4-spinor wavefunction becomes ψ(x, τ ), where x µ (for µ = 0, 1, 2, 3) or simply x is an event in spacetime. The Lorentz metric g µν = diag(+1, −1,
does not include τ . The underlying Lagrange density for matter depends upon x and τ , and so the Lagrangians for matter are integrals with respect to both x and τ . The electroweak gauge fields remain dependent upon x only, as do their Lagrange densities, and thus their Lagrangians are integrals with respect to x alone. Paraphrasing [9] , the Weinberg-Salam
Lagrange density divides naturally into three additive parts:
In particular, the underlying τ -dependent densities for matter have been averaged with respect to τ . The symbol T is used exclusively above, and subsequently, to denote the range of the parameter τ rather than the range of the coordinate time t = x 0 . The Higgs Lagrange density is itself a sum:
The Higgs-gauge coupling is contained in
where
is a complex doublet of parametrized spin zero Higgs fields having the electric charges as indicated, and
The charges for the local SU(2) and U(1) symmetries are g 1 and g 2 respectively. The identity I and the Pauli matrices σ j constitute a 2 × 2 basis for SU(2) . The semiclassical but otherwise Standard gauge boson fields W j µ (j=1,2,3) and B µ are functions of x alone. That is, the electroweak gauge symmetries SU(2) L × U(1) are local with respect to x but global with respect to τ . The parametric role of τ for a Higgs boson Φ(x, τ ), and similarly for fermions, may be seen by defining for example the spacetime center X of the wavefunction as
B. the parametrized Higgs potential
The parametrized Higgs potential is
where µ and λ are positive constants. The parameter τ is active in the Lagrange density (3) as a fourth spacelike dimension, but again the metric g µν is restricted to R 4 and Lorentz covariance is similarly restricted to spacetime. The τ -integral of the potential (7) has local extrema. They obtain for fields Φ 0 (τ ) satisfying
with solution
where ϑ = v/ √ 2 = µ/ √ 2λ , while the arbitrary constants a and b are complex doublets. The contributions proportional to a and b are respectively 'positive mass' and 'negative mass' vacuum states. The squared magnitude of Φ 0 is
If a and b are orthogonal and have the same magnitude ϑ/ √ 2 , then |Φ 0 (τ )| is independent of τ , has the Standard magnitude ϑ and moreover yields an extremum of the Weinberg-
The extreme value of the parametrized Higgs potential (7) is in general
rather than the Standard vacuum value V W S (Φ 0 ) = −µ 4 /4λ . If a and b are orthogonal then the extreme value (11) vanishes.
It is a misnomer to refer to V (Φ) defined in (7) as a potential, since it has no lower bound. There are nevertheless free fields Φ 0 (τ ) which yield extrema of V (Φ), which are independent of spacetime and which therefore qualify as vacuum states. Moreover, as is shown below, the amplitudes of interactions between fermions and the τ dependent Higgs fields are Standard, since there are free fields Φ 0 (τ ) having τ independent magnitudes. The advantage of parametrizing the wavefunctions for the Higgs bosons, and also the wavefunctions for the fermions as shown below, is that there are then manifestly covariant wavefunctions for states of multiple particle systems regardless of particle separation in spacetime. The parameter serves to coordinate the individual spacetime wavefunctions in the manifestly covariant wavefunction for the multiple particle system.
The potential (7) has no quartic self interaction, but fine tuning difficulties [9] remain owing to quartic interactions of Higgs bosons with fermions and with weak bosons.
C. fermions
The first generation of fermions, for example, has the Lagrange density
The left-handed doublets Ψ L for the first two generations of quarks, for example, are
respectively, while the right-handed singlets are
The
where Y W is the weak hypercharge [9] . As applied to the singlets, D µ ψ R does not include coupling to the vector bosons W µ .
The Lagrange density for Higgs couplings to the first generation of quarks and leptons
It is most conveniently expressed in the domain of the 'frequency' ̟ with respect to τ . That is,
and so
Then again for up and down quarks,
and (i∆) = iσ 2 (i∆) * . The coupling constants g u and g d are related to the rest masses of on shell particles by m u = g u ϑ and m d = g d ϑ respectively. The notation here is Standard but confusing. Again, g 1 and g 2 are the electroweak charges in (5), while g u etc. are particleto-Higgs coupling constants as in (18) . The disposable frequency shift ε permits tuning the Higgs mass to the Standard value, as discussed below. Combining (12) and (18) establishes that a free up-quark u, for example, obeys the parametrized Dirac wave equation
The derivation of (20) is simplified by introducing the right-handed doublets with appropriate hypercharge assignments. It is immediately evident that if u has the positive mass τ dependence included in (9) and has energy-momentum p , then the particle is on mass shell with m
clearer to express p dependence as an argument rather than a subscript, thus for example
Details of the free wavefunctions, discrete symmetries and influence functions may be found in [1] , although the sign conventions here follow [3] . The normalizations factor here for the spinor amplitudes of a free electron wavefunction is (E p + m p )/2g e m p where E p = |p 0 | . If an initial particle in a scattering process is on mass shell (̟ p = ϑ) then, as a consequence of the τ -integral in the scattering amplitude, the final particle is also on mass shell. Moreover, on shell fermions only interact with Higgs bosons Φ(x, τ ) having the mass M H (ε) = 2λε 2 − µ 2 . The choice ε = 3µ 2 /2λ leads to the Standard Higgs mass
For any same-generation fermion doublets Ψ(x, τ ) and Υ(x, τ ) satisfying
it may be shown that
In the case of the first quark generation, for example, g = g (1) is the diagonal matrix diag (g u , g d ) . It follows from (22) that the bilinear form Υ g Ψd 4 x is independent of τ .
The parametrized wave equation for two fermion doublets is
where the wavefunction Θ(x, y, τ ) is in general a sum of tensor products of single doublets such as wavefunctions Ψ(x, τ ) and Υ(y, τ ). There are two coordinate times in (23), namely x 0 and y 0 . If the two particle wavefunction Θ and hence (23) had not been parametrized, then integration with respect to either x 0 or y 0 would violate covariance. The parametrization of Θ , and integration of (23) with respect to the parameter τ preserves covariance.
D. gauge bosons
The Lagrange density L G in (1) 
E. initial and final masses
Parametrized relativistic scattering theory for many particles is developed in [1] . It is a straightforward paraphrase of nonrelativistic theory [10] . The parameter τ replaces the coordinate time t, and the events x, y . . . replace the points x, y . . . . Wavefunctions for initial and final states are normalized in a box of edge L. A particle of positive mass and positive energy must be somewhere at a given time, and so the normalization factor is L −3/2 . It is evident from (22) that a scattering amplitude is an integral over spacetime. An amplitude is dimensionless, so the measure in the integral must be d 4 x/L . Born series for the amplitude [1, 11] include also integrals with respect to τ , just as nonrelativistic series [10] include integrals over t. As mentioned above, the τ independent gauge bosons which mediate scattering are supported by τ averages of quantum currents. All these integrals contribute factors of the form δ(̟ f − ̟ i ), where ̟ i and ̟ f are respectively initial and final frequencies with respect to τ . That is, scattering conserves ̟.
Purely electrodynamic scattering conserves mass, so the coupling constant g e for, say, Electroweak scattering does not conserve mass. The scaling of τ with the coupling constant g f , for any fermion f , ensures that initial and final on shell particle have the common frequency ϑ with respect to τ .
F. the strong interaction
Parametrization of the electroweak interaction is completely effected by the parametrized Higgs potential (7) and the parametrized Higgs to fermion couplings such as (18) . Gluons do not depend upon the parameter, thus parametrizing the weak interaction also parametrizes the strong interaction.
Free quarks have not been observed, and according to quantum chromodynamics [12] would seem to be confined [9] . It will be shown below that parametrized first quantization admits entanglement but, in the case of the strong interaction, entanglement is only meaningful in the limit of asymptotic freedom [9] . 
Both fermions are assumed to have the same positive energy E p where
Finally, assume the two identical free fermions form a spin 1/2 singlet with respect to the same spin 1/2 operator γ 5 / a . That is, the two-particle wavefunction is necessarily
The state is a singlet since
The parametrized, first quantized representation (25) and the U(1) equivalent of (23) make clear that covariant integration of a multiple particle state with respect to τ is possible, and by implication with respect to x 0 and y 0 as exemplified by (6) . Covariance is violated by directly integrating an unparametrized singlet state with respect to x 0 or to y 0 .
If correlations of spin measurements owe to a local hidden variable λ, then [13]
Now choose a µ , b µ and c µ so that
Without loss of generality letâ = (1, 0, 0) ,b = (0, 1, 0), and so p = (0, 0, p 3 ) . That is, the particle beams are perpendicular to the static magnetic fields. Splitting of the beams owes to the gradient of the strength of the static magnetic field [13] , but that is not a consideration here. Quantum mechanical correlations with respect to (25) satisfy
and
Hence
which contradict (28) .
B. weak isospin entanglement
An argument analogous to the above is available for weak isospin. The Pauli spinor Bell's inequality is derived.
which yields the standard Feynman diagrams. The substitution is made without regard to the sign of τ ′ − τ . In (A3), m l = g l ϑ is the on shell or rest mass of the lepton.
The standard additional minus sign is introduced whenever the substitutional yields a closed lepton loop [18] . There is however no need to follow [18] who make further sign corrections in order to respect the spin statistics connection. The Uehling potential, the anomalous magnetic moment of the electron and the Lamb shift all obtain eventually, as in [18] . The Standard axial anomaly of quantum electrodynamics is derived in the same manner [1] . The anomaly here is a classical field rather than a field of operators.
In electroweak interactions an electron line, for example, may be connected to an electron neutrino line but not to a muon neutrino line. The resulting substitution matrix for left handed doublets, analogous to (A3) is diagonal. Along this diagonal, the lepton mass (m l = g l ϑ) is the neutrino mass (m ν = g ν ϑ) for left handed neutrinos and is the electron mass (m e = g e ϑ) for left-handed electrons. The nonabelian electroweak gauge fields obey nonlinear wave equations (see for example [9] ) which of course must also be expanded. 3. Absent the causal commutator and causal anticommutator relations of QFT, the spin statistics connection is established using Jab's rule [20, 21] extended to the relativistic regime [3] . When exchanging wavefunctions for two identical particles, the exchange of the angles of phase relative to the axis of spin must be homotopically consistent.
That is, the lesser angle α must be increased anticlockwise through β − α until it equals the greater angle β, and the greater angle β must be increased anticlockwise through 2π − β + α until it equals the lesser angle α. Hence the multiple particle wavefunction is antisymmetric in the case of half integer spin including the Standard Model fermions considered here, and symmetric for particles of integer spin including the Higgs boson. The tensor structure of (23) and its extensions for many particles preserve the antisymmetry for all τ . Corrigendum
Equation (86) 
